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conference was held [ate February in San 
Diego. Unlike the high brightness LED and 
wide gap solid state laser segments, many 
of the electronic device market segments 
and mature solid state lasers were below 
their highs, with no immediate upturn in 
view. Silicon carbide device and some GaAs 
IC markets will grow this year, but from dif- 
ferent base levels, as will blue laser diodes, 
judging by the number of Japanese compa- 
nies working in this field (see Table 1). 
In Japan, the focus is on the development of 
these lasers for high capacity optical discs. A 
constant highlight is the technology base, 
which is always expanding and opening up 
new product markets - particularly those 
that cannot be obtained from silicon! 
Compound Semiconductors 
One of the best and latest examples of advancing 
technology, that is also creating new consumer 
products, would be the announcement by Sony 
in early March of the Blu-ray DVD optical disc, a 
fbrmat hat is supported by a group of nine inter- 
national companies. Blu-ray technology can 
increase the memory capacity of 5.25 inch DVD 
discs from about 4.7 to -27 gigabytes (GB).This 
new product range is based on the use of galli- 
um nitride blue lasers as opposed to red lasers 
for the 4.7GB DVDs, with the shorter wavelength 
creating the increased capacity [see Table 1 for 
data on a Sony CW blue laser]. Sony is the first 
member  of the group to offer this DVD format, 
which was released on April 10th to the Japanese 
market (estimated price $3800). Other group 
companies are expected to follow with similar 
products later this year.The write-once or 
rewrite discs tbr this media are offered in car- 
tridges holding 23.3GB with data transfer ates of 
9MB per second and second generation discs are 
already in the works, with 50GB capacity DVDs 
and 18Mb transfer ates planned for 2005. 
Gallium Arsenide Igs 
Because of the recent compound semiconductor 
market decline in some of the larger GaAs IC and 
device markets, some GaAs foundries and II1-V 
device companies may have to merge or cooper- 
ate to survive. Only those companies with the 
best product performance are expected to pros- 
per and those that lead on the cost performance 
curve should have the best chances for survival. 
However, all is not lost -- a few GaAs bright spots 
will be present as some GaAs IC markets are 
expected to grow. Growth would include the 
increased penetration of gallium arsenide into 
cellphone lectronics, which should continue 
for several years as this market increases by 5 to 
10% per year and as more GaAs power  amps and 
LNAs are used in the transit from 2nd generation 
to 2.5G to 3G cellphones. Other markets uch as 
broadband wireless, military and satellite commu- 
nications are also expected to provide continued 
GaAs growth, but from much lower base levels. 
Automotive radars (24 and 77GHz models) will 
probably provide the next high volume GaAs IC 
market but not before 2005. 
Equipment markets 
Not only have the device markets had their ups 
and downs, but MOCVD deposition equipment 
sales have also been on a roller coaster, with an 
estimated value growth of 50% in 2000, and a 
decline of more than a third between 2001 and 
2002.This ituation is confirmed by the recently 
released accounts from Aixtron. Although still 
profitable, revenue declined from 240 million 
euros in 2001 to150.7 in 2002.Things could have 
been much worse but for the mostly GaN-related 
growth of the worldwide HBLED production cap- 
acity.The US equipment market had been the 
dominant region for many years, but last year Asia 
became dominant. Hence, Paul Hyland,Aixtron's 
president and CEO, reported that 59% of 2002 
sales were inAsia, 30% in the US and 11% in Eur- 
ope, illustrating the surge in Taiwanese production 
capacity. 
The device application for these reactors by rev- 
enue was; LEDs -50%, telecom/datacom -20% 
and consumer electronics 24%. Paul also stated 
that their state of the art MOCVD reactor can 
now coat 36,000 6" wafers per year with 2 
microns material, using a 7 x 6" susceptor layout. 
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Other technological dvances noted were the 
availability of 8 x 4" reactors for gallium nitride 
growth, routine uniformity achievement of better 
than 1% for several growth parameters and a 
wider use of in situ process controls. Paul also 
reported that the first 8" gallium arsenide MOCVD 
process with similar uniformities has been 
achieved on 8" wafers produced by Freiberger. 
Koh Matsumoto from Nippon Sanso discussed the 
development of their atmospheric pressure (AP-) 
MOCVD process for gallium nitride devices. 
According to Koh, white LED chips will need 
price declines from 70 yen ( -57cents)  to less 
than 40 yen ( -33 cents) per  chip (or reach 0.1 
cents per lumen) in order to capture increasing 
shares of the indoor lighting market.The potential 
benefits claimed for the Nippon Sanso AP-growth 
included pyramid formation and defect termina- 
tion, ELOG like upper  layers and a reduction in 
the temperatures needed for device layer growth. 
The best aluminium contents (up to 14%) and 
growth rates (up to 0.7 microns per  hour) were 
obtained using a 6x2"-wafer susceptor, 20rpm 
rotation and separate inlets for three gas streams 
(nitrogen, metal-organic precursor and ammonia). 
There is considerable interest in 350 to 450nm 
solid state lasers and a summary of recent 
achievements is provided in Table 1 .The real sig- 
nificance is that most of the Japanese companies 
are now using bulk grown HVPE GaN substrates 
tor their CW-laser work with Cree being an obvi- 
ous exception and using silicon carbide. Substrate 
selection is critical for lasers because lower 
defect levels are required to obtain extended CW 
operating lifetimes. Silicon carbide has the benefit 
of better thermal management. However, the real 
I ns t i tu te  I th (mA)  V f  Po(mW) L i fe  t ime(h)  & subst ra te  
Nichia*(1) ~40 ~6 >160 >1,000 (lO, O00@5mW) 
(45) (4.5) (30) 2 nd ELOG on bulk GaN 
SONY*(1) ~27 4.48 >100 >1,000 (10,000@5mW) 
Freestanding ELO 
NEC(1) -10 ? 30 No life time data, Bulk GaN 
PIONEER/ROHM(1) 78 6.4 30 No life time data, ELOG 
SANYO*(2) ~50 -6 5(35) 2,000, Bulk GaN 
(Press, March "02) ion implantation 
SHARP*(2) 45 5.1 >30 No life time data, Bulk GaN 
Toyoda Gosei*(2) 40 ~6 >30 >5,000 (extrapolated) 
CREE(2) ~30 5-6 3(30) lO, O00h?(Internet, Feb'02). 
SiC 
(1)ICNS-5 Pre-conf., May 2002, Kyoto, (2) CEATEC'02, *:AP-MOCVD 
Courtesy of Nippon 5anso 
significance of this commercial laser market is 
that the introduction of Blu-ray consumer prod- 
ucts will open a new growth market. 
Nitride LED technology 
As in North America, the Asian region is very 
focused on the development of blue, green and 
white LEDs.This focus accounts for the spectacu- 
lar increases in gallium nitride device capacity in 
Taiwan. In Japan METI (Ministry of Economy, 
Trade & Industry) funded a "light for the 21st 
Century" project in conjunct ion with NEDO and 
JRCM. Mitsubishi Cable Industries is one of the 
lead developers in this programme. Although 
there are several methods to make white light 
from LEDs the METI project used near-UV and 
violet LEDs and multiple phosphors  (red, green, 
blue, or orange, yellow, green, blue) to develop 
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• Sr-based blue phosphor [(Sr, Ca, Ba, Mg)lo(PO4)6Cl: Eu 2+] 
• ZnS-based Green phosphor (ZnS: Cu, AI) 
• Y-based Red phosphor (Y2025: Eu 3+) 
Courtesy of mitsubishi Cable Industries Ltd. 
white emitters.The use of multiple phosphors 
was selected because of the ability to control the 
colour rendition and also due to the expectation 
that the near UV-LEDs plus phosphors will be 
able to generate more power than the blue 
LED/phosphor combination. In the USA, consid- 
erable research efforts have been directed 
toward the development of shorter wavelength 
range [W-LEDs for the same purpose. 
As part of the project, the Mitsubishi team devel- 
oped a patterned sapphire substrate tbr the 
growth of the nitride alloy layers, which gave a 3- 
told reduction in dislocation density. Earl). work 
on this substrate, resulted in a 382nm InGaN 
LED, which was reported to have a better than 
24% external quantum efficiency. Hiromitsu 
Kudo described their latest research (January 
2003) using a flip mounted 350 x 350 micron 
chip, which resulted in a t 10 mW 405nm LED 
(violet), with external quantum efficiencies of 
more than 43% from a 100mA drive current, (see 
Figure 1. and Table 2). 
The advent of the phosphor-enabled white LED 
has created a new use for some existing phos- 
phors such as the cerium doped YAG used for 
most of today's blue LED/phosphor based white 
LEDs. However, most, if not all, of these phospho- 
rs were not optimized for LED excitation creat- 
ing a need for novel LED-matched phosphors.  
The phosphor  combination used by Mitsubishi 
to generate the above LED performance was an 
alkaline earth phosphate based blue, a zinc sul- 
phide based green and an yttria based red select- 
ed for their 380iml excitation.The general formu- 
lae for these phosphors are shown in Table 3., 
together with their emission spectra in Figure 2. 
The important characteristics of these white 
LEDs such as a luminous efficiency of 29 lumens 
per Watt, a colour temperature of 6990°K and a 
CR1 of 92 are provided in Table 4. Typical phosp 
hor luminescence spectrum is shown in Figure3. 
Silicon Carbide advances 
Silicon carbide has long been promoted for the 
manufacture of high power devices, with benefits 
in the high voltage and low to moderately high 
frequency range. Its wide gap benefits include 
higher breakdown voltages, higher thermal con- 
ductivity and lower power losses leading to 
much higher operating power densities and tem- 
peratures. However, only recently have a range of 
commercial devices become available from a few 
companies, mostly triggered by improvements in 
material quality such as lower micropipe densi- 
ties. Carbide devices are making inroads into the 
power semiconductor market, long dominated by 
silicon LDMOS (the domain of power transistors, 
diodes, rectifiers and thyristors) which last year 
was valued at about $12 billion.John Palmour 
from Cree Inc estimated that with the exception 
of the diode segment, about 30% of these power 
device markets or almost $3 billion annually will 
be accessible to silicon carbide devices and pro- 
vide great future growth potential.The intrinsic 
advantages of carbide power  devices are 10 times 
the silicon breakdown field, (lower on resistance, 
faster switching) 3 times the thermal conductivi- 
ty (higher current densities) and higher operating 
temperatures which lead to lower cooling 
requirements.These advantages give better sys- 
tem efficiencies, lower costs, smaller unit sizes 
and higher switching frequencies. 
Thus, the range of 600V (1 to 20Amp) and 
1200V (5 & 10A) rectifiers offered by Cree, Inc, 
have made the commercial realization of carbide 
devices possible for many applications and creat- 
ed a new compound semiconductor g owth mar- 
ket - 2000V versions hould soon be on the 
market.Although always more expensive than sil- 
icon, SiC is expected to be more cost effective 
above 300V and in other applications where its 
wide gap benefits are more important. 
These material benefits also extend into the high 
frequency or RF power transistor arena, which 
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last year was estimated to be a $1 billion market. 
About 60% of this value was used in wireless 
infrastructure applications with other significant 
markets being avionics and military. In the RF 
markets ilicon carbide is also showing great 
product potential.A MESFET has been demon- 
strated with 63% power added efficiency whilst 
operating at a power level of 5.2 Watts/ram and 
power densities 6 or 7 tinaes those possible with 
silicon. SiC or nitride on carbide amplifiers offer 
wide band capability (e.g. providing a band width 
that would require three discretely tuned silicon 
chips for the same performance). Cree now offers 
such a 20W broadband amplifier (across 400MHz) 
and has demonstrated a 75W CW amplifier at 
2GHz, a precursor to a 60W commercial product. 
GaN HEMT power amplifiers (on SiC) with effi- 
ciencies above 60%, plus high current (3x GaAs) 
and high voltage (5x GaAs) capabilities now offer 
pulsed powers as high as 12.1 W/ram (10x GaAs) 
or 9w/mm for CW operation. The future possibili- 
ties for the GaN/SiC combination are outstanding 
and a GaN HEMT has already delivered a 103 Watt 
output power (CW) at 2GHz. In a different app- 
roach to silicon carbide substrates, Soitec is now 
offering carbide on insulator (SiCOI) wafers.This 
company has been the main supplier of silicon on 
insulator (SOD wafers to the silicon industry for 
about 10 )Tears, with a 2003 production tbrecast of 
about 1 million 8" wafer equivalents (70,°4 for the 
No~h American Market).Where today's ilicon car- 
bide wafers are limited to 2, 3 or perhaps 4" diame- 
ters, Soitec's ilicon carbide on insulator substrates 
(SiCOI) offer the benefit of up to eight inch diame- 
ter SiCOI with conducting or insulating properties. 
Although the reduced thermal conductivity of 
SiCOI will lower heat dissipation from the sub- 
strate, it may provide the fastest route to large dia- 
meter, lower cost 4H or 6H silicon carbide wafers. 
GaN devices may also benefit since the deposition 
of GaN on SiCOI has already been demonstrated. 
Industry Outlook 
Although the compound semiconductor industry 
has suffered recently having a peak at the end of 
2001 and a trough in mid 2002, it is now showing 
signs of a recovery.This scenario may be true but 
it also could be a little premature because there 
mixed signals, like pricing and profit pressures 
due to unusually strong competit ion and an 
industry dichotomy where some companies are 
capacity limited and others are under utilized.To 
consolidate the recovery, John Lau, from 
Research-Semiconductors, believes that some 
capacity contraction may be needed, but these 
changes are being retarded by companies that 
F igure  3: Character i s t i cs  o f  the  wh i te  LEDs 
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IF[mA] 20 
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Luminous Flux [Im] 2 
Luminous Efficiency [Im/W] 29 
Colour Temperature [K] 6,990 
Colour Rendering Index R 2 92 
Courtesy of Mitsubishi Cable Industries Ltd. 
still have strong cash positions - an effect reduc- 
ing the need to collaborate or merge.Additionall); 
s lowdowns in market growth 1Tlay allow silicon 
technology to catch up and squeeze the total 
available market for compound materials. 
However, the future outlook should be good, 
because many compound evice markets are 
only at the front end of their materials and per- 
formance advantage curves and the economies 
of scale have many years to improve, (most of 
the new technologies are still using 2" wafers). 
Recently, Cree provided an example of industry 
product strength, where according to Research- 
Semiconductors, Cree's product prices are de- 
clining with increasing volumes, but its average 
selling price increased.M1 of this information 
leads one to believe that the future for com- 
pound semiconductors is assured -- always the 
innovator and at the leading edge, helping to 
expand the technology envelope in the fields of 
speed, power, light emission and photonic and 
electronic efficiency, that are not open to silicon. 
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